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DESCRIPTION 
SEMICONDUCTOR DEVICE 

5 TECHNICAL FIELD 

The present invention relates to a semiconductor device of high 
withstand voltage suited to switching of large current. More 
particularly, it relates to a semiconductor device intended to prevent 
overheating when switching off. 

10 

BACKGROUND ART 

As conventional semiconductor devices, insulated gate 
semiconductor devices disclosed in patent references 1 and 2 are known. 
In these insulated gate semiconductor devices, by applying a gate 

15 voltage to an insulated gate, a field effect is produced in a channel 
region in a semiconductor substrate, and current flows between emitter 
and collector. Accordingly, a contact opening is provided in order 
to exchange carriers between an emitter region and an emitter electrode. 
A typical example of this kind of insulated gate sfemiconductor device 

20 has a structure as shown in Fig. 18 to Fig. 20. Fig. 18 and Fig. 20 
are longitudinal sectional views, and Fig. 19 is a plan sectional view 
of level A-A in these drawings . Fig. 18 is a sectional view of position 
B-B in Fig. 19 and Fig. 20. Fig. 20 is a sectional view of position 
C-C in Fig. 18 and Fig. 19. 

25 In the insulated gate semiconductor device shown in Fig. 18 to 

Fig. 20, on the principal plane of level A-A side of semiconductor 
substrate, N+ emitter region 904 and P+ emitter region 900 are provided. 
Contacting with the lower part of them, P body region 903 is disposed. 
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Further beneath the P body region 903, N drift region 902 is provided, 
and P+ collector region 901 is provided furthermore beneath. So far 
is within a semiconductor substrate (in this specification, the entire 
semiconductor single crystal of a start wafer and a layer formed by 
5 epitaxial growth on its surface is called a semiconductor substrate) . 
In the semiconductor substrate, still more, P field regions 911 for 
dividing individual devices are fomed from the level A-A side. 
Bottoms of the P field regions 911 reach into the N drift region 902 . 

Part of the semiconductor substrate is dug in from the level 
10 A-A side, and gate electrodes 906 are provided in the cavity. Gate 
electrodes 906 are insulated from the regions within the semiconductor 
substrate by gate insulating films 905. Above the semiconductor 
substrate, emitter electrode 909 and gate wirings 916 are provided. 
The emitter electrode 909 is an electrode conducting to N+ emitter 
15 region 904 and P+ emitter region 900 within a range of contact opening 
908. The gate wiring 916 conducts with gate electrodes 906 in other 
position than shown. Gate electrodes 906 and gate wiring 916 are 
insulated from other parts by interlayer insulating film 907 . Beneath 
the semiconductor substrate, collector electrode 910 is provided. 
20 In this structure, when a power voltage is applied between the 

emitter electrode 909 and collector electrode 910, by on/off switching 
of gate voltage to gate electrodes 906, current between the emitter 
electrode 909 and the collector electrode 910 can be switched. Herein, 
contact opening 908 which is a contact region between the emitter 
25 region (N+ emitter region 904 and P+ emitter region 900) and emitter 
electrode 909 is formed in a rectangular shape in Fig. 19. This is 
intended to increase the area of the contact opening 908 and heighten 
the latch~up resistance while avoiding short-circuiting to gate 
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electrodes 906 and gate wirings 916. 

Patent reference 1, Japanese Patent Publication No. H6-101565 
Patent reference 2, Japanese Laid-open Patent No. HlO-229191 
Such conventional semiconductor device, however, had a problem 
5 of local heating after switching off. The cause lies in the shape 
of the contact opening 908. That is, after switching off, as 
indicated by arrow I in Fig. 21, hole current from P field region 911 
flows into the emitter electrode 909. As shown in Fig. 22, this hole 
current density is high at four corners of the rectangular contact 
10 opening 908. There is no contact opening 908 in a region between 
devices, and holes in the P field region 911 are directed toward the 
nearest contact opening 908. As a result, when interrupting a large 
current, in particular, the device may be destructed due to excessive 
heat generation . This phenomenon is prominent at corners of terminal 
15 end of device array. 

As means for lessening concentration of current, simply, it may 
be considered to increase the area of contact opening 908. But it 
is limited in relation to insulation from gate electrodes 906 and 
others. If the contact opening 908 is excessively increased in area, 
20 holes may pass through the emitter electrode 909 too much in ON state. 
As a result, ON voltage becomes higher. It is hence difficult to 
increase the area of the contact opening 908. 

The present invention is devised to solve these problems of the 
conventional semiconductor device. It is hence an object thereof to 
25 present a semiconductor device capable of stable operation of large 
current by lessening current concentration at corners of contact 
opening after switching off and suppressing local heat generation, 
without heightening ON voltage. 
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DISCLOSURE OF THE INVENTION 

The semiconductor device of the present invention devised to 
solve the problems comprises an active device provided in a 
5 semiconductor substrate facing its principal plane, and a contact 
electrode provided outside of the semiconductor substrate conducting 
with the active device. It is a feature (1) herein that a marginal 
corner of conducting portion of the active device and the contact 
electrode is formed with a curved line or with an obtuse angle. 
10 In this semiconductor device, when the active device is switched 

off, residual carriers in the active device escape to the contact 
electrode. This current escaping route is limited to the conducting 
portion of the active device and the contact electrode. Herein, since 
the marginal corner of the conducting portion is formed with a curved 
15 line or with an obtuse angle, the current of the conducting portion 
into the corner is dispersed somewhat. Hence, current density is not 
excessively high at the apex of edge . Hence, damage by heat generation 
is small. On the other hand, the ON voltage is not particularly high. 
This is because area of the conducting portion is not increased. Hence, 
20 carriers do not pass too much into the contact electrode in ON state. 

The semiconductor device of the present invention may have, 
instead of the feature (1) above, a feature (2) of the shape of 
conducting portion of the active device and contact electrode formed 
in a broader width in an end portion than in the central portion. As 
25 a result, current concentration in the end portion of conducting 
portion is lessened. This is because area of the end portion is 
slightly wider. On the other hand, area of the entire conducting 
portion is not so much wider. This is because width is not large in 
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the central area. Accordingly, prevention of local heat generation 
after switching off and low ON voltage in ON state are realized. 

Further, the seniiconductor device of the invention may have, 
instead of the feature (1) or (2), a feature (3) that impurity 
5 concentration is lower at an end portion of conducting portion of the 
active device and the contact electrode than in the central portion 
of it. As a result, current concentration at the end portion of 
conducting portion is lessened. This is because the end portion with 
lower impurity concentration has a higher resistance, so that current 
10 is more likely to flow into the central portion with lower resistance. 
On the other hand, area is not increased in the entire conducting 
portion. To the contrary, since the end portion has a higher 
resistance, the entire conducting portion has a slightly increased 
resistance. Therefore, local heat generation after switching off is 
15 prevented, while the ON voltage in ON state is low. 

Generally, in this kind of SCTiiconductor device, a plurality 
of active devices are discretely arranged in a semiconductor substrate, 
and each active device has a conducting portion to a contact electrode. 
In such configuration^ it is not necessary that one of the features 
20 of (1) to (3) is realized in contacting portions of all active devices. 
It is sufficient that a feature is realized in contacting portions 
of some of the active devices. In such a case, it is particularly 
beneficial to realize one of the features (1) to (3) in the conducting 
portions of the active devices located at ends. This is because 
25 current from peripheral regions of the semiconductor substrate is also 
concentrated in the conductive portions of active devices located at 
ends. Therefore, as compared with active devices located in central 
area, the situation is severer as for current concentration after 
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switching off. This phenomenon is particularly notable in the corner 
portion or end portion at the opposite side to other active devices . 
This is because distance from the peripheral region is very close for 
such comer portions. 
5 The invention is particularly significant when applied in an 

insulated gate field-effect semiconductor device conprising an 
insulated gate insulated from an active device, and a field 
semiconductor region between active devices, for switching an active 
device by a voltage applied to the insulated gate. In such 
10 semiconductor device, generally, the field semiconductor region does 
not contact directly with the contact electrode. The position 
immediately above the field semiconductor region is usually an area 
for wiring to an insulated gate, and it is required to be insulated 
there from. Accordingly, after switching off, residual carriers in 
15 the field semiconductor region cannot directly escape to the contact 
electrode. Hence, by way of the nearest active device, they escape 
via its conducting portion to the contact electrode. As a result, 
current density is likely to be high in the marginal space of the 
conducting portion, in particular, in corner portion. By applying 
20 one of the features (1) to (3) in this area, damage by current 
concentration can be lessened. Generally, the field semiconductor 
region is low in impurity concentration, in the case of feature (3) , 
at the end portion of the conducting portion, the field semiconductor 
region and contact electrode should directly contact with each other. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view (B-B in Fig. 2) showing a structure 
of insulated gate field-effect semiconductor device in a first 
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CTibodiment . 

Fig. 2 is a sectional view (A-^A in Fig. 1) showing the structure 
of insulated gate field-effect semiconductor device in the first 
embodiment . 

5 Fig. 3 is a sectional view (D-D in Fig. 1) showing the structure 

of insulated gate field-effect semiconductor device in the first 
embodiment . 

Fig. 4 is a sectional view (C-C in Fig. 1) showing the structure 
of insulated gate field-effect semiconductor device in the first 
1 0 embodiment . 

Fig. 5 is a conceptual diagram showing distribution of hole 
current after switching off of insulated gate field-effect 
semiconductor device in the first embodiment. 

Fig. 6 is a diagram showing variation of plane shape of contact 
15 opening in the first embodiment. 

Fig . 7 is a diagram showing variation of a measure applied only 
in the edge of terminal end of device array in the first embodiment. 

Fig. 8 is a sectional view (part 1, section B-B) showing a 
manufacturing process of insulated gate field-effect sraiiconductor 
20 device in the first embodiment. 

Fig. 9 is a sectional view (part 2, section B-B) showing a 
manufacturing process of insulated gate field-effect semiconductor 
device in the first embodiment. 

Fig. 10 is a sectional view (part 3, section C-C) showing a 
25 manufacturing process of insulated gate field-effect semiconductor 
device in the first embodiment. 

Fig. 11 is a sectional view (part 4, section C-C) showing a 
manufacturing process of insulated gate field-effect semiconductor 
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device in the first embodiment. 

Fig, 12 is a sectional view (part 5, section B-B) showing a 
manufacturing process of insulated gate field-effect semiconductor 
device in the first embodiment. 
5 Fig. 13 is a sectional view (C-C in Fig. 14) showing a structure 

of insulated gate field-effect semiconductor device in a second 
embodiment . 

Fig. 14 is a sectional view (A-A in Fig. 13) showing a structure 
of insulated gate field-effect semiconductor device in the second 
1 0 embodiment . 

Fig. 15 is a diagram showing variation of plane shape of contact 
opening in the first embodiment. 

Fig. 16 is a sectional view (A-A in Fig. 17) showing a structure 
of insulated gate field-effect semiconductor device in a third 
1 5 embodiment . 

Fig. 17 is a sectional view (C-C in Fig. 16) showing a structure 
of insulated gate field-effect semiconductor device in the third 
embodiment. 

Fig. 18 is a section B-B view showing a structure of insulated 
20 gate field-effect semiconductor device in the prior art. 

Fig. 19 is a section A-A view showing a structure of insulated 
gate field-effect semiconductor device in the prior art. 

Fig. 20 is a section C-C view showing a structure of insulated 
gate field-effect semiconductor device in the prior art. 
25 Fig. 21 is a conceptual diagram (part 1, section B-B) showing 

distribution of hole current after switching off of insulated gate 
field-effect semiconductor device in the prior art. 

Fig. 22 is a conceptual diagram (part 2, section A-A) showing 
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distribution of hole current after switching off of insulated gate 
field-effect semiconductor device in the prior art. 

Fig. 23 is a conceptual diagram (part 3, section B-B at an end 
portion) showing distribution of hole current after switching off of 
5 insulated gate field-effect semiconductor device in the prior art. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Exeitplary embodiments of the invention are specifically 
described below while referring to the accompanying drawings . In the 
10 following embodiments, the present invention is applied to an 
insulated gate field-effect semiconductor device used in switching 
of a large current - 

[FIRST EMBODIMENT] 

A structure of an insulated gate field-effect semiconductor 
15 device according to a first embodiment is described by referring to 
Fig. 1 to Fig. 4. Fig. 1, Fig. 3, and Fig. 4 are longitudinal sectional 
views, and Fig 2 is a plan sectional view at level A-A in these drawings . 
Fig. 1 is a sectional view of position B-B in Fig. 2 to Fig. 4. Fig. 
3 is a sectional view of position D-D in Fig. 1 and Fig. 2. Fig. 4 
20 is a sectional view of position C-C in Fig. 1 and Fig. 3. 

In the insulated gate semiconductor device shown in Fig. 1 to 
Fig. 4, on the principal plane of level A-A side of semiconductor 
substrate, N+ emitter region 104 of high impurity concentration and 
P4- emitter region 100 of high impurity concentration are provided. 
25 Contacting with the lower part of them, P body region 103 is disposed. 
Further beneath the P body region 103, N drift region 102 is provided, 
and P+ collector region 101 is provided furthermore beneath. So far 
is within a semiconductor substrate. In the semiconductor substrate. 
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still more^ P field regions 111 for dividing individual devices are 
formed from the level A-A side. The bottom of the P field region 111 
reaches into the N drift region 102 . Impurity concentration of P field 
region 111 is lower than inpurity concentration of P+ emitter region 
5 100. 

Part of the semiconductor substrate is dug in from the level 
A~A side, and gate electrodes 106 of trench structure are formed in 
the cavity. Gate electrodes 106 are insulated from the regions within 
the semiconductor siobstrate by gate insulating films 105. The shape 
10 within the plane of a gate electrode 106 is long in the lateral direction 
in Fig. 2, and multiple gate electrodes 106 are formed parallel and 
at equal intervals. Bottom of gate electrodes 106 is deeper than the 
bottom of the P body region 103, but is shallower than the bottom of 
the P field region 111. That is, the structure of the semiconductor 
15 device is schematically described as follows . By the trench structure 
of gate electrodes 106, the level A-A side of the semiconductor 
substrate is divided like ridges, and each ridge is divided into 
multiple cells by the P field region 111. Each cell composes an 
insulated gate transistor having an emitter (N+ emitter region 104 
20 and P+ emitter region 100) and body (P body region 103) . On the whole, 
the semiconductor device has a multiplicity of insulated gate 
transistors disposed discretely. 

Above the level A-A side principal plane of the semiconductor 
substrate, emitter electrode 109 and gate wirings 116 are provided. 
25 The emitter electrode 109 contacts with the emitter (N+ emitter region 
104 and P+ emitter region 100) in each cell. The contacting portion 
is a contact opening 108 . As clear from Fig. 2, in the contact opening 
108, both N+ emitter region 104 and P+ emitter region 100 contact with 
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the emitter electrode 109. More specifically, the portions at both 
ends in the lateral direction in Fig. 2 in the contact opening 108 
are occupied by the P+ emitter regions 100. On the other hand, the 
N+ emitter regions 104 are present in the central part in the lateral 
5 direction. Between contact opening 108 and contact opening 108, that 
is, in the position (see Fig. 1) under the gate wiring 116, in part, 
the P field region 111 has reached the level A-A of the semiconductor 
substrate. 

The gate wiring 116 is connected to gate electrodes 106 in other 

10 position than shown. As a result, a voltage can be applied to gate 
electrodes 106. Gate electrodes 106 and gate wiring 116 are insulated 
from other parts by an interlayer insulating film 107 . A collector 
electrode 110 is provided on the surface at the side of the P+ collector 
region 101 of the semiconductor substrate. A power voltage is applied 

15 between the emitter electrode 109 and collector electrode 110. In 
this structure, whether gate voltage is applied or not to gate 
electrodes 106, current between the emitter electrode 109 and the 
collector electrode 110 can be controlled by on/off switching. 

In the insulated gate transistor of the embodiment, as shown 

20 in Fig. 2, a feature lies in the plane shape of the contact opening 
108. That is, while it was rectangular in the prior art (see Fig. 
19) , but in the embodiment edges at four comers are formed in curved 
lines. As a result, right-angle apexes are eliminated. 

The insulated gate transistor of the embodiment operates as 

25 follows. That is, the insulated gate transistor of the embodiment 
is used in a state of a power voltage applied between the emitter 
electrode 109 and the collector electrode 110 . In this state, however, 
current does not flow between the emitter electrode 109 and the 
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collector electrode 110 . This is because the PN junction between the 
P body region 103 and N drift region 102 is biased inversely. That 
is, this is an OFF state. When a gate voltage is applied to gate 
electrodes 106, N channels are formed by field effect on faces facing 
5 to gate electrodes 106 in P body regions 103. As a result, an electron 
conducting route is connected from N emitter region 104 to N channel 
formed in P body region 103, and to N drift region 102, and current 
flows between the emitter electrode 109 and the collector electrode 
110. This is an ON state. When the gate voltage is cut off, it goes 
10 back to OFF state again. 

In ON state, holes flow into a P field region 111 from N drift 
regions 102 etc. As a result, the P field regionslll is considerably 
high in hole concentration. When being switched off, holes 
accumulated in the P field region 111 are moved to escape to the emitter 
15 electrode 109. However, the P field region 111 does not contact 
directly with the emitter electrode 109. Accordingly, hole current 
from the P field region 111 escapes via the contact opening 108 to 
the emitter electrode 109 by way of the P+ emitter region 100. 

In the gate insulated transistor of the embodiment, the plane 
20 shape of the contact opening 108 brings about following merits. That 
is, there is little harm by concentration of hole current at comers 
of the contact opening 108 . The reason is that the comers are formed 
with curved lines. In other words, since there is no right-angle apex 
at comers, hole current from the P field region 111 is dispersed in 
25 the entire curved line portions at corners as shown in Fig. 5. 
Therefore, even at the location of highest current density, the current 
density is lower as ccaipared with that at comer apex in the 
conventional insulated gate transistor (see Fig. 22) . Hence, 
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excessive heat generation is not caused after switching off. 

In addition, area of the contact opening 108 is not larger as 
coinpared with the rectangular contact opening 908 in Fig. 19. It is 
rather smaller. Hence, in ON state, holes do not escape to the emitter 
5 electrode 109 excessively. Therefore, carrier concentration in the 
device is kept high in ON state. As a result, ON voltage is low. 

Incidentally, in the gate insulated transistor of the 
embodiment, the shape of the contact opening 108 may be also formed 
by obtuse angles and straight lines at four corners as shown in Fig. 
10 6. In such shape, as coirpared with the rectangular contact opening 
908 in Fig. 19, concentration of current at comer apex is lessened. 
Further, the shape of the contact opening 108 may be formed by merely 
rounding the four corners of a rectangle . Such measure is not required 
in all four corners of the contact opening 108. For example, as shown 
15 in Fig. 7, if such measure is taken only at comers of terminal ends 
of the device array, a certain effect is expected. This is because, 
as explained in the prior art in Fig. 23, current concentration is 
likely to occur at comers of terxtdnal ends of the device array. 

Manufacturing process of gate insulated transistor of the 
20 embodiment is described by referring to Fig. 8 to Fig. 12. In 
manufacture of gate insulated transistor of the Qn±)odiment, a P+ 
silicon wafer is a start substrate. P+ silicon of this wafer becomes 
a P+ collector region 101. On its surface, an N type silicon layer 
is formed by epitaxial growth. This N type silicon layer becomes an 
25 N drift region 102 . Entire single crystal silicon of the silicon wafer 
and a layer by epitaxial growth on it is called a semiconductor 
substrate in the present invention. Alternatively, an N silicon wafer 
may be used as a start substrate. In this case, the N silicon of the 
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wafer is an N drift region 102 . By introducing a P inpurity from the 
back side surface, or by depositing a P silicon layer on the back side 
surface, a P+ collector region 101 can be formed. 

Successively, on the surface of the N silicon layer, a thermal 
5 oxide film of 500 nm in thickness is formed. This thermal oxide film 
is patterned by photolithography and etching . As a result , the thermal 
oxide film is removed only in the portion for forming a P field region 
111. By ion implantation, boron is injected at acceleration voltage 
of 60 keV. This ion implantation is a process for forming a P field 
10 region 111. Dose should be large enough to invert the N silicon layer 
in this range (N drift region 102) into the P type. By subsequent 
thermal diffusion, a P field region 111 is formed. The bottom depth 
of the P field region 111 is about 1 ixm. Only in the device region 
but in the peripheral region, the oxide film is removed by wet etching 
15 by using hydrofluoric acid. By heating and oxidizing again, an oxide 
film 107b (see Fig. 8) of 50 nm in thickness is formed on the surface. 
At this stage, by ion implantation again, boron is injected at 
acceleration voltage of 60 keV. This ion iitplantation is a process 
for forming a P body region 103 . Dose should be large enough to invert 
20 the N silicon layer in this range (N drift region 102) into the P type. 
By subsequent thermal diffusion, a P body region 103 is formed. The 
bottom depth of the P body region 103 is about 5Aem. A section B-B 
view at this stage is Fig. 8. 

On the oxide film 107b, an oxide film 107c is further deposited 
25 by CVD process (see Fig. 9, Fig. 10) . Its thickness is 400 nm. The 
oxide films 107b and 107c are patterned by etching. The pattern to 
be formed is the pattern having openings in areas for forming gate 
electrodes 106. In this state, by dry etching of silicon, a trench 
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opening 117 is formed. Fig. 9 is a section B-B view and Fig. 10 is 
a section C-C view at this stage. 

Only in the device region but in the peripheral region, the oxide 
films 107b and 107c are removed by wet etching by using hydrofluoric 
5 acid. After that, by heating and oxidizing the surface of the 
semiconductor, a gate insulating film 105 (thickness 100 nm) is formed. 
After forming polycrystal silicon by CVD process, phosphorus is 
diffused to turn the polycrystal into N+ type. Of the formed N+ 
polycrystal silicon, the portion filling trench opening 117 is a gate 
10 electrode 106. The N+ polycrystal silicon on the surface of the 
semiconductor substrate is etched- That is, leaving the portion 
necessary for connection of gate electrodes 106 and gate wiring 116, 
the NH- polycrystal silicon on the surface is removed. Fig. 11 is a 
section C-C view at this stage. 
15 • Further, P+ emitter region 100 and N+ emitter region 104 are 

formed sequentially. These are formed by ion implantation and 
diffusion, respectively. Of course, proper pattern masks are used 
for ion iirqplantations . After removing all pattern masks, an 
interlayer insulating film 107 (thickness 700 nm) is formed by CVD 
20 process. A pattern mask is formed on the interlayer insulating film 
107, and the interlayer insulating film 107 is processed by dry etching, 
and a contact opening 108 is opened. Fig. 12 is a section B-B view 
at this stage. That is, the plane shape of the contact opening 108 
is determined by the pattern mask used in processing of the interlayer 
25 insulating film 107 . Then, by sputtering method, aluminium or other 
metal film is formed on the semiconductor substrate. By pattern 
etching of the film, an emitter electrode 109, a gate wiring 116, and 
other wirings are formed. At the back side, a collector electrode 
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110 is formed by sputtering method • Thus, the semiconductor device 
shown in Fig. 1 to Fig. 4 is fabricated. 
[SECOND EMBODIMENT] 

A structure of an insulated gate field-effect semiconductor 
■ 5 device according to a second embodiment is described by referring to 
Fig. 13 and Fig. 14. Fig. 13 is a longitudinal sectional view, and 
a plane sectional view at level A-A thereof is Fig. 14. Fig. 13 is 
a sectional view of position C-C in Fig. 14. A sectional view of 
position B-B in Fig. 13 and Fig. 14 is same as Fig. 1 relating to the 
10 first embodiment except that the reference numerals 1** are changed 
to 2**. A sectional view of position D-D in Fig. 14 is same as Fig. 
3 relating to the first embodiment except that the reference numerals 
are changed similarly. In the following explanation of the embodiment, 
when referring to Fig. 1 and Fig. 3, it is supposed that the reference 
15 numerals are changed in such manner. 

In the insulated gate field-effect semiconductor device of the 
embodiment, what differs from the insulated gate field-effect 
semiconductor device of the first embodiment lies only in the plane 
shape of the contact opening 208. All other parts are common with 
20 the insulated gate field-effect semiconductor device in the first 
embodiment . The common points are quoted from the description of the 
first embodiment, and only the different point is explained. 

The contact opening 208 in the insulated gate field-effect 
semiconductor device of this embodiment is basically a rectangular 
25 shape as shown in Fig. 14, with the width (vertical direction in Fig. 
14) broader in the both end portions (position C-C) than in the central 
portion (position D-D) . By defining in such shape, too, same as in 
the first embodiment, there is an advantage that harm by concentration 
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Of hole current after switching off is less. This is because the hole 
current from the P field region 211 to the emitter electrode 209 after 
switching off flows in the both end portions of the contact opening 
208. Since this area is expanded in this embodiment, peak value of 
5 local current density is lower than in the prior art. 

Area of the contact opening 208 is wider only slightly as 
compared with the rectangular contact opening 908 (Fig. 19) in the 
prior art. This is because the width is expanded only in both end 
portions . Accordingly, in ON state, holes do not escape to the emitter 
10 electrode 109 too much. Hence, the ON voltage is low. 

In the insulated gate transistor of the embodiment, the shape 
of the contact opening 208 may be formed of curved lines at four corners 
as shown in Fig. 15. In this variation, the feature of this embodiment 
and the feature of the first embodiment are both realized. Therefore, 
15 current concentration is lessened more favorably. Of course, same 
as in the first embodiment, the four corners may be formed by obtuse 
angles and straight lines, or the four corners may be formed by merely 
rounding. Even if such measure is taken only at terminal ends of the 
device array, a certain effect is expected. 
20 Manufacturing process of insulated gate transistor of the 

embodiment is similar to manufacturing process of insulated gate 
transistor of the first embodiment except that only the mask pattern 
(which determines the shape of the contact opening 208) is different 
when processing the interlayer insulating film 207 by dry etching. 
25 All other points are common. 

[THIRD EMBODIMENT] 

A structure of an insulated gate field-effect semiconductor 
device according to a third embodiment is described by referring to 
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Fig. 16 and Fig. 17. Fig. 16 is a plane sectional view, and a 
longitudinal sectional view at position C-C thereof is Fig. 17. Fig. 
16 is a sectional view of level in Fig. 17. A sectional view of 
position B-B in Fig. 16 and Fig. 17 is same as Fig. 1 relating to the 
5 first erribodiitient except that the reference numerals 1** are changed 
to 3**. A sectional view of position D-D in Fig. 16 is same as Fig. 
3 relating to the first embodiment except that the reference numerals 
are changed similarly. In the following explanation of the embodiment, 
when referring to Fig. 1 and Fig. 3, it is supposed that the reference 
10 numerals are changed in such manner. 

In the insulated gate field-effect semiconductor device of the 
embodiment, what differs from the insulated gate field-effect 
semiconductor device of the first embodiment lies only in the impurity 
concentration in the semiconductor region at four corners of the 
15 contact opening 308 . The shape of the contact opening 308 itself is 
a rectangular shape same as in the prior art . Other parts are common 
with the insulated gate field-effect semiconductor device in the first 
^nbodiment . The common points are quoted from the description of the 
first embodiment, and only the different point is explained. 
20 In the insulated gate field-effect semiconductor device of this 

embodiment, the plane shape of the P+ emitter region 300 is different 
from that of the first and second embodiments. More specifically, 
in this embodiment, the P+ emitter region 300 is not formed at four 
corners of the contact opening 308 . In these portions, a P field region 
25 311 with lower impurity concentration than in the P+ emitter region 
300 contacts with the emitter electrode 309. Thus, same as in the 
first and second embodiments, there is an advantage that harm by 
concentration of hole current after switching off is less. This is 
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because the P field region 311 is lower in impurity concentration as 
compared with the P+ emitter region 300 and is hence higher in 
resistance. Accordingly, part of hole current from the P field region 
211 to the emitter electrode 209 after switching off tends to once 
5 leave the P field region 311 to the P+ emitter region 300 of lower 
resistance and escape from there into the emitter electrode 309, rather 
than escaping directly into the emitter electrode 309 from the P field 
region 311 of high resistance. Accordingly, the peak value of the 
local current density at the apices of four corners of the contact 
10 opening 308 is lower than in the prior art. 

Area of the contact opening 308 is not changed from that of the 
rectangular contact opening 908 (Fig. 19) of the prior art. To the 
contrary, since a part is occupied by the P field region 311 of high 
resistance, the total resistance is slightly higher. Hence, in ON 
15 state, holes do not escape to the emitter electrode 309 too much . Hence, 
the ON voltage is low. 

In the insulated gate transistor of the embodiment, the shape 
of the contact opening 308 may be formed of curved lines at four corners 
as shown in the first embodiment. In this variation, the feature of 
20 this embodiment and the feature of the first embodiment are both 
realized. Therefore, current concentration is lessened more 
favorably. Of course, same as in the first embodiment, the four 
comers may be formed by obtuse angles and straight lines, or the four 
comers may be formed by merely rounding. Or the shape of the contact 
25 opening 308 may be extended in the width in both end portions as shown 
in the second embodiment. In this variation, the feature of this 
embodiment and the feature of the second embodiment are both realized. 
Therefore, current concentration is lessened more favorably. Of 
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course, all of the features of this embodiment, of the first embodiment, 
and of the second embodiment may be realized in one variation. Even 
if such measure is taken only at terminal ends of the device array, 
a certain effect is expected. 

5 Manufacturing process of insulated gate transistor of the 

embodiment is similar to manufacturing process of insulated gate 
transistor of the first embodiment except that only the mask pattern 
(which determines the shape of the contact opening 208) is different 
when processing the interlayer insulating film 307 by dry etching, 

10 and that the mask pattern is different in ion implantation for forming 
P+ emitter region 300. All other points are common. 

As specifically described herein, in the foregoing embodiments, 
the insulated gate transistors divided by the P field region, having 
the emitter, body, and collector, and controlling conduction between 

15 emitter and collector by voltage applied to the gate electrode, have 
at least one of the features (1) to (3) below. (1) The shape of the 
contact opening where the emitter region and the emitter electrode 
contact is formed in cuirved lines or obtuse angle at four corners. 
This eliminates right-angle apex . ( 2 ) The shape of the contact opening 

20 is basically a rectangular shape, formed in a wider shape in the both 
end portions than in the central portion. (3) The impurity 
concentration in the semiconductor region at four corners of the 
contact opening is lower than the iirpurity concentration in other parts 
than the four corners. 

25 Accordingly, without increasing the ON voltage in ON state, 

local concentration of hole current into the emitter electrode from 
the field region after switching off is lessened. In particular, it 
is significant in the terminal end of the device array. Thus, the 
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contradictory problems of low ON voltage and prevention of excessive 
heat generation after switching off are both solved. 

The foregoing embodiments are mere examples, and are not 
intended to limit the invention what so ever . Therefore, the invention 
5 may be changed or modified freely within a range not departing from 
the true spirit thereof. For example, in the central portion of the 
contact opening 108 (the reference numeral in the first embodiment 
is cited herein, but it is same in other embodiments) , the specific 
configuration of the N+ emitter region 104 and P+ emitter region 100 

10 is not limited to the exaitple shown in Fig. 2. It may be stripe type 
parallel or vertical to the gate electrode 106, ladder type, dot type, 
etc. The plane shape of the gate electrode 106 is not limited to 
rectangular shape, but may include polygonal, circular, elliptical 
or other shape. Accordingly, the contact opening 108 is not limited 

15 to stripe shape, but may be formed in dot shape. The structure of 
the gate electrode 106 includes, aside from the trench type, planar 
type, concave type and others. The material of the gate electrode 
106 is not limited to N semiconductor, but may include P semiconductor 
or metals. 

20 As for the internal structure of the semiconductor substrate, 

various modifications may be considered. For exaitple, the impurity 
concentration in the N drift region 102 is not required to be uniform. 
It may be also formed as punch-through type forming an N+ buffer region 
of high concentration between the N drift region 102 and P+ collector 

25 region 101. Or it may be also formed as collector short type having 
the N drift region 102 or N+ buffer region partly short-circuited with 
the collector electrode 110. The type of the semiconductor device 
is not limited to the insulated gate transistor alone. For example. 
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MOS control thyristor or diode may be used. 

The conductive type (P type and N type) of the semiconductor 
regions may be exchanged. The semiconductor itself may be other than 
silicon (Sic, GaN, GaAs, etc.) . The insulating film (gate insulating 
5 film 105, iriterlayer insulating film 107) is not limited to an oxide 
film, but a nitride film or coiiposite film may be also used. 

INDUSTRIAL APPLICABILITY 

As clear from the description herein, the invention presents 
10 a semiconductor device lessened in cuirrent concentration at the comer 
of in the contact opening after switching off without heightening the 
ON voltage. As a result, suppressing local heat generation after 
switching off, a stable operation is realized at large current. 
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